Objectives: To evaluate the efficacy of endoscopic bivalve inlay cartilage myringoplasty by assessing the take rate and postoperative audiometric results and to determine the prognostic factors that affect both.
Introduction
Since the introduction of tympanoplasty in 1952 by Zollner 1 and Wullstein, 2 numerous graft materials and methods of placement have been described to close the perforations of the tympanic membrane.
Different approaches were used for the closure of tympanic membrane perforations mainly the postauricular or the endaural with placement of the harvested graft using either the underlay of the overlay technique. 3, 4 Such surgery requires a skin incision and postoperative care. The most commonly used materials are the temporalis fascia, perichondrium, and fat plugs specially for small perforations. 5 Inlay myringoplasty using a bivalve cartilage graft has become a widely accepted technique for the repair of tympanic membrane perforations by the way of a transcanal approach. 6 This inlay technique provides several practical advantages. The surgeon can insert the cartilage graft even into a myringosclerotic tympanic membrane; no external canal packing or middle ear support is necessary because the graft stabilizes instantly at insertion; patient postoperative comfort is enhanced, and the procedure is less expensive because of diminished operative and recovery room time. 7, 8, 9, 10 However, one of the theoretical limitations initially was inability to be performed for a perforation that could not be seen entirely by the way of transcanal view. 6 This situation is to be solved by the use of endoscope without further limitations for anterior central perforations as well as the ability to overcome anterior canal hump.
Objectives
Are to evaluate the efficacy of endoscopic bivalve inlay cartilage myringoplasty by assessing the take rate and postoperative audiometric results and to determine the prognostic factors that affect both.
Material
The study was conducted on 30 patients presenting with inactive chronic suppurative otitis media of the safe type with variable sizes of central tympanic membrane perforations. The patients were collected from the ENT outpatient clinic of Alexandria University Hospital and Alexandria Student School Hospital and where the study was conducted.
Patients included in the study were those presenting with dry central perforations being inactive for at least one month with an air bone gap (ABG) of 625 db. Exclusion criteria: for those presenting with active discharging safe central perforation, unsafe CSOM with cholesteatoma, central perforations with ill defined adhesive edges to the promontory, large perforations (more than 2/3 of tympanic membrane surface area), and those with suspected ossicular pathology having a wide ABG.
Methods
All patients signed a written consent to participate in the study and being subjected to the preoperative evaluation with a special concern on preoperative endoscopic assessment of the perforation site and size, preoperative audiological assessment (fourtone ABG), and surgery explanation. Preoperative setting consisted of an endoscopic zero lens telescope 9 cm long and 2.7 mm width, endoscopic camera, xenon light source with a fibro-optic cable and a capturing device either DVD recorder or an AIDA system. Operative tray contained curved needle, cupped microforceps, suction tips of variable sizes (0.7 mm and 1 mm), furbished measuring instrument of 5 mm length, scalpel blade 15, curved sharp edge scissor, Addison's forceps, local infiltrative decongestive anesthesia, and 4/0 silk suture. As regard the surgical procedure (endoscopic transcanal bivalve inlay cartilage myringoplasty) was performed under general anesthesia. Tragus infiltration with the local anesthetic was followed by harvesting the tragal cartilage with intact perichondrial layer on its both sides through a 1 cm posterior tragal skin incision that is about half cm from the summit of the tragus apex. The harvested graft was left at room temperature to dry. Tragal incision was closed with two stay sutures or adhesive strips. Under endoscopic visualization, the edge of the perforation was refreshed using a sharp curved needle and the fibrotic edge was removed with the microcup forceps. A piece of cottonoids soaked with a decongestant placed over the edge of the perforation for hemostasis. The size of the perforation was measured and the cartilage fashioned using a sharp scissor to be 1-2 mm larger than the actual size of the perforation. The cartilage edge was sharply scored using a scalpel size 15 midway between the two perichondrial layers. The tension of the adherent perichondrium on either side of the cartilage disk would retract the cartilage edges, creating a bivalve graft ( Fig. 1 ). With the aid of oto-endoscopy the fashioned cartilage introduced carefully and inserted through the perforation so one half of cartilage is present on both sides of the TM leading to a bivalve closure of the perforation. Saline lavage of the external auditory canal was performed to assure competency of the cartilage placement and accurate seal of the perforation. The canal was filled with gel foam and impregnated with antibiotics. In few cases microscopic visualization of graft position was evaluated vs endoscopy ( Fig. 2 ). In the postoperative follow-up period, all patients were instructed not to blow the nose for one month after surgery. Ear packing was removed at the first week visit. Antibiotic ear drops were applied twice daily for one month. Endoscopic evaluation of the implanted cartilage was performed on weekly bases for at least one month. Performance of hearing tests after two months of surgery for the successful cases.
Outcome measurements
The primary clinical end points were the ''take rate'' on the 30th postoperative day and also postoperative ABG on the 60th day.
Statistical analysis
Statistical analysis was performed using SPSS version 16.
For surgical outcome analysis categorical variables were compared using the Chi-square test or Fisher exact test.
Stepwise univariate and multivariate logistic regression analyses were used to identify the most significant combinations of distinguishing variables (patient age, sex, size, site and etiology of perforation and preoperative ABG).
As for audiologic outcome analysis audiometric data were expressed as mean and standard deviation and were compared using a paired t-test to test for the significant hearing improvement. Independent t-test was used to compare the improvement between categories of different baseline characteristics.
Stepwise multiple regression analysis was performed to further identify the most significant baseline characteristic affecting hearing improvement.
For all analyses p values of 0.05 or less were considered statistically significant.
Results
Patient ages ranged from 9 to 57 (19.43 ± 10.085, mean ± SD) years. Fifteen (50%) were male and 15 (50%) were female. The mean postoperative follow-up interval was 7.75 (range 1-21) months. Eighteen patients (60%) presented with <5 mm perforation size and 12 (40%) with >5 mm perforation size. As for the location of perforations, 14 were anterior, five were posterior and 11 central. Causes of perforations included inflammation in 17 cases, after ventilation tubes in five and trauma in eight cases. The preoperative ABG was <15 dB in five patients, from 15 to 20 dB in 14 patients and 20 dB and above in 11 patients.
Surgical outcome analysis
The butterfly cartilage inlay graft resulted in a 73.3% ''take rate'' defined as complete closure of perforation for the whole period of follow-up. As for the failure rate it was 22.7% (eight cases) due to excessive use of carbol-fuchsin paint (Castellani's paint) in the early experience in three cases, acute middle infection in five patients and inadequate sizing of the cartilage graft in four patients. Timing of failure was on 2nd week postoperative in one patient due to upper respiratory tract infection and acute otitis media, on the 3rd week in four patients, and lastly on the 4th week in three patients.
The success rate was 100% in patients with preoperative ABG <15 dB and 85.7% in those from 15 to less than 20 dB. As for the last group with ABG above 20 dB was 45.5% with statistically significant difference between the three groups (p = 0.038) ( Table 1) . Patients' age, sex, size, etiology and site of perforation did not affect the success rate statistically significantly. Results of logistic regression analysis showed that preoperative ABG was the only independent factor for the prognosis of surgical outcome by univariate and multivariate analyses (OR = 0.699, CI = 0.524-0.933, p = 0.015) ( Table  2 ). The actual surgical time ranged from 29 to 45 min.
Audiologic outcome analysis
Hearing improved in all the included patients as measured by closure of air-bone gap where there was closure of ABG to less than or equal to 10 dB in 77.2% and from 11 to less than 15 dB in 22.7%. The overall mean was 15.91 dB preoperatively and 8.82 dB postoperatively with a mean gain of 7.09 dB, which was statistically significant (p = 0.000). A significant improvement was also found in all groups when patients were stratified according to the different baseline characteristics except for the age group above 30 years old. Comparing the different categories of each baseline characteristic as regards the hearing improvement, those with perforation size >5 mm were more likely to benefit postoperatively than those with perforation size <5 mm. Also those with preoperative ABG 20 dB or more showed a statistically significant high improvement followed by the group between 15 and 20 dB followed by the group less than 15 dB. Other factors including age, sex, etiology and site of perforation showed no significant difference in improvement between its categories (Table 3 ). Stepwise linear regression analysis showed that ABG preoperatively was the most important factor affecting the hearing improvement and this was followed by size of perforation (Table 4 ).
Discussion
Inlay cartilage tympanoplasty was first described in 1998 by Eavey, 6 and has become an accepted method for repairing tympanic membrane perforations. [6] [7] [8] [9] [10] [11] The procedure originally performed using tragal perichondrium graft to seal only microscopic visible small to medium sized perforations. The graft is covered with split thickness skin graft which increased the risk of infection. 6 In 2000, Lubianca-Neto 7 modified this technique in adults without the use of spilt thickness skin graft over the cartilage graft. The bivalve edge provides an instant ''locking'' of the graft, which diminishes concerns about graft lateralization and displacement caused by patient activities, especially in children.
No packing is required to ''stabilize'' a graft. Office care is simplified because no canal manipulation is required. The procedures and indications for inlay tympanoplasty have evolved with time. It was first performed on children under either mask anesthesia or intravenous sedation. 6, 7 With further experience in adults, it was considered an office-based, locally anesthetized procedure. [12] [13] [14] In the present study the procedure was performed under general anesthesia as most of the patients were of the pediatric age (73.4%) ranging from 9 to 18 years with a mean of 13.9 years. Only local infiltrative anesthesia was used to harvest the tragal cartilage graft and not to infiltrate the skin of the external auditory canal. This avoided swelling of the canal skin and made endoscopic procedure much easier. Monfared et al. 13 used 2% lidocaine with 1:100,000 epinephrine for external auditory canal block. However, this practice was abandoned after a few patients developed severe nausea and emesis requiring admission to the emergency department for intravenous administration of antiemetics. The actual surgical time ranged from 29 to 45 min which makes the endoscopic procedure feasible if compared to the original inlay cartilage tympanoplasty that is performed under microscopic visualization with a duration of the surgery (mean ± standard deviation) 33.6 ± 7.8 min. 10 This study shows similar primary clinical outcomes results (take rate and postoperative audiometric findings). Dornhoffer 15 has shown that the size of the perforation and the amount of cartilage used to close it did not alter significantly the postoperative hearing results.
The endoscopic bivalve cartilage inlay graft provided visualization of adequate seal of TM perforation after saline wash of the EAC with no evidence of fluid leakage (bubble formation).
No graft lateralized nor displaced into the middle ear. No retraction pocket occurred during the follow-up period.
As a grafting material, it was reported that cartilage with perichondrium, on one or both sides, had better viability (better metabolism and stronger enzymatic reaction) than totally naked cartilage. 16 The study on human beings showed that middle ear infection had strong lethal effects on chondrocytes, and cartilage grafts survives better in dry ears. 17 One theoretical ''disadvantage'' of cartilage is that it creates an opaque tympanic membrane repair site, which could potentially hide disease recidivation. 18 Performing a second-look surgery, or follow-up CT scan, however, is essential anyway, no matter what tissue was used for a graft. 15, 18 In addition, fascia grafts are less opaque yet certainly not so translucent that disease can be appreciated otoscopically. 11 This endoscopic procedure showed success rate of 73.3% defined as complete closure of perforation for the whole period of follow-up which was of a mean of 7.75 months. Such success rate is comparable to other studies. Although lower than some studies which showed 92% 11 and 88.2% 10 take rate still higher than others which showed 67.6%. 13 This relatively modest success rate should be taken in the context of the following factors. ''Success'' was defined as 100% closure only; for example 99% closure with improved hearing was deemed a failure.
It was also noticed that the take rate did not differ when assessed at 30 days postoperatively or when the whole period of follow-up (7.75 months) was put into consideration. The only difference was in the endoscopic picture of the healed tympanic membrane. This study then assessed the prognostic factors of success rate. In univariate and multivariate logistic regression analyses it appeared that only the preoperative ABG was an independent factor for the success rate.
As regards the ABG closure ratio or the change of postoperative ABG, it significantly improved from 15.91 to 8.82 dB with a mean gain of 7.09 dB. This significant improvement was found in all groups when patients were stratified according to their baseline characteristics except for the age group above 30 years old which is quite logic due to the modest healing power of this group, longer infection time and consequently poor compliance of the ossicle chain. This was also noticed by Lin et al. 14 , so to evaluate the factors that may have altered this ABG gain, stepwise linear regression was performed and concluded that preoperative ABG was the most important determinant of hearing improvement followed by the size of perforation. Similar results have been found in other studies.
It is pretty interesting to find that those with larger perforation size of the tympanic membrane had better ABG closure ratio after surgery than those with smaller perforations. It is proposed that larger graft is more likely to be in direct contact with the malleus, causing the ''fourth ossicle'' effect. Closure of the perforation and increased surface to collect sound might be the other causes.
Since this endoscopic technique offers spectacular and panoramic views of all boundaries and margins of the perforation with more exact location, then it made its handling more feasible with better sealing of the tympanic membrane and hence better repair. Thus the 2.7 diameter oto-endoscopic telescope was quite easy to introduce through the EAC even in the presence of anterior canal wall hump obscuring adequate visualization of anteriorly located perforation by the classical microscope. So patients were divided into three groups according to the site of perforation whether central, posterior and finally, the least accessible, the anterior perforation. It was found that not only a significant ABG gain took place in all three groups after the operation, but also this improvement was not statistically different between the three groups. This means that the ABG gain in the anterior perforation was not different from the more accessible ones (central and posterior). So with the use of otoendoscopy site of perforation limitation no longer exists.
Conclusion
The success rate of this technique could be best guaranteed based on the preoperative ABG. Also ABG gain could be best achieved with larger perforation size and depending on preoperative ABG. Finally the endoscopic technique proved superiority in handling any perforation no matter how microscopically it could appear inaccessible. 
